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Abstract
Purpose To assess the ability of a transtibial aimer with a
7-mm off-set in a standardized position to reach the center
of the ACL footprint on the femur through the AM portal.
Methods Nineteen cadaveric knees were dissected, and
the perimeter of the femoral ACL footprint was marked.
The aimer was placed just superior to the medial joint line
close to the medial condyle through the AM portal. The
guide was rested upon the posterior cortex and placed in
three different positions: (A) at zero degrees in frontal
plane and 60 in axial plane, (B) at 45 in frontal and 45 in
axial, and (C) at the center of the ACL insertion site under
direct visualization. A digital camera was used to take
pictures on the axial plane, and Image J software was used
for angle measurement. Aluminum beads were used to
mark the three positions indicated by the aimer, and CT
scans were performed. The distances from the true center
of the ACL to each point were determined.
Results Position A resulted in femoral tunnel placement
furthest from the center of the ACL footprint (8.6 mm).
Position B was at a distance of 3.2 mm, and position C was
the most accurate, with an average distance of 2.0 mm. The
angles required by Position C varied with an average of
54 ± 11 in the frontal plane and an average of 44 ± 6
in the axial plane.
Conclusion The 7-mm transtibial aimer was unable to
reach the center of ACL footprint at a fixed orientation.
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Introduction
Some orthopaedic surgeons still perform both anatomical
single and double-bundle ACL reconstruction using an
anatomical femoral aimer with different off-sets to reach
the center of the footprint [6, 11]. An understanding of the
anatomy of the anterior cruciate ligament (ACL), particu-
larly its anatomical footprint on the lateral femoral con-
dyle, is important in anatomic ACL reconstruction [20, 25].
For single-bundle ACL reconstruction, correct anatomic
position of the femoral tunnel is important as incorrect
positioning of the femoral tunnel has been shown to lead to
poor clinical results [13]. Most of the femoral tunnels
placed using a transtibial technique tend to be placed deep
and high in the notch, away from the center of the ACL
footprint [1, 8, 23]. Use of a transtibial technique constrains
the surgeon’s freedom in choosing the position for the
center of the ACL footprint leading some surgeons to use
The Department of Orthopaedic Surgery of the University of
Pittsburgh receives research and educational funding from Smith and
Nephew. However, no financial relationships exist with regard to the
research presented in this manuscript.
U. Celentano  M. P. A. Cardoso  C. A. Q. Martins 
C. F. van Eck  P. Smolinski  F. H. Fu (&)
Department of Orthopaedic Surgery, University of Pittsburgh,
Kaufmann Bldg Ste 1011, 3471 Fifth Ave,
Pittsburgh, PA 15213-3221, USA
e-mail: ffu@upmc.edu
U. Celentano  M. P. A. Cardoso  C. A. Q. Martins 
C. F. van Eck  P. Smolinski  F. H. Fu
Department of Mechanical Engineering and Material Science,
University of Pittsburgh, Pittsburgh, PA, USA
C. P. Ramirez
University of Pittsburgh School of Medicine,
Pittsburgh, PA, USA
123
Knee Surg Sports Traumatol Arthrosc (2012) 20:69–74
DOI 10.1007/s00167-011-1574-1
the anteromedial (AM) portal technique [12, 14, 16].
However, the AM portal technique also has some disad-
vantages [4]. The significance of correct positioning of the
ACL graft in the sagittal plane has long been recognized;
however, the importance of positioning in the frontal plane
has been underestimated. Recently, several studies have
shown the biomechanical advantages of recreating the
obliquity of the native ACL in the frontal plane [3, 17, 21,
24]. The tunnel is placed in the center of the ACL footprint
in order to replicate equal parts of both the anteromedial
and posterolateral (PL) bundles of the ACL [5].
This study evaluated if an aimer with 7-mm offset,
widely used for transtibial technique, could reach the
center of ACL footprint through the accessory medial
portal to place the femoral tunnel in the anatomic position.
If the aimer can be reliably used in a fixed orientation to
locate the center of the ACL footprint, it would greatly aid
in performing anatomic tunnel positioning.
Materials and methods
Nineteen human cadaveric knees were used for this study.
Six were right knees, thirteen left with thirteen male and
six female specimens. Knees were excluded if they dis-
played osteophytes in the intercondylar notch or signs of
osteoarthritic changes greater than Outerbridge III, as
evaluated on gross observation and CT scan. The cadaveric
knees were previously dissected, and the perimeter of the
femoral ACL footprint was marked using a 1.5-mm drill
bit. The knees were fixed in 110 of flexion using clamps to
protect the articular cartilage and assure a sufficient fem-
oral tunnel length [2, 9, 19, 26]. The condyles were aligned
to the posterior aspect of the tibial plateau, and a 6-mm
spacer was used to reproduce the articular space usually
filled by the menisci [26]. The aimer was placed just
superior to the medial joint line close to the medial femoral
condyle, simulating an AM portal approach [7, 16, 18].
A 12-mm-diameter spacer was used for the aimer to
maintain a safe distance (6 mm) from the cartilage and to
avoid damaging the medial femoral condyle [22].
An aluminum wire was attached to the posterior margin
of the tibial plateau as a reference to measure the angle in
the axial plane. A femoral 7-mm offset guide [Acufex,
Smith and Nephew, Andover, MA, USA] was rested upon
the posterior cortex and placed in three different positions:
(a) at zero degrees in frontal plane and 60 in axial plane,
(b) at 45 in frontal plane and 45 in axial plane, and (c) at
the estimated center of the ACL insertion site under direct
visualization (Fig. 1). A digital camera, perpendicular to
tibial axis, was used to take pictures on the axial plane, and
Image J software [Image J, National Institutes of Health,
USA] was used to measure all angles. Two examiners
independently performed the measurements twice. The
three selected positions were marked with aluminum beads
of different sizes. Then CT scans [GE Light Speed 4—
Slice Scanner 625 9 625 mm, standard filters] were taken
of each knee (Fig. 2). A 3-D model of each knee was
reconstructed using MIMICS software [Mimics 12.3,
Materialise, Belgium] to verify the positions and to virtu-
ally remove the medial femoral condyle to better visualize
the lateral femoral condyle and ACL footprint (Fig. 3). The
center of ACL insertion was calculated using software
[Geomagic Studio 11, North Carolina, USA] (Fig. 4). Ini-
tially, the study started with 20 specimens, but when
measuring the distance using the software, one knee was
excluded because it was too osteoporotic and the bound-
aries of the ACL footprint were not readily visible.
Statistical analysis
For data analysis, measurements were divided into three
groups based on the position used (position A, position B,
and position C). The distance between each position was
marked, and the center of the ACL footprint was calcu-
lated. The frontal and axial angles for position C were also
calculated. Non-parametric tests (Friedman Test, Wilcoxon
signed ranks test) were used to compare the distance (mm)
to the center of the ACL footprint between groups A, B,
and C. The Spearman’s correlation was calculated to
determine whether there was a correlation between the
axial angle and frontal angle used in position C. The alpha
level for statistical significance was set at P \ 0.05 and
0.017 (0.05/3) for the Wilcoxon signed ranks test (SPSS,
version 17.0, SPSS Inc, Chicago, IL, USA).
Results
Position A (0/60) resulted in femoral tunnel placement
furthest from the center of the ACL footprint
(8.6 ± 1.8 mm). Position B (45/45) was closer than
Position A, but still had an average distance of
3.2 ± 1.5 mm away from the center of the footprint.
Position C (direct visualization) was the most accurate,
with an average distance from ACL center of
2.0 ± 0.9 mm. The angles required by Position C varied
with an angle of in the frontal plane 54 ± 11 and
44 ± 6 in the axial plane. There was a statistically sig-
nificant difference (P-value \ 0.001) between all groups,
as well as between all pairs (P-value \ 0.001). The
Spearman’s correlation was r = -0.13 (P = 0.58) show-
ing that there was no significant correlation between frontal
and axial plane positioning on direct visualization
(Position C). Intra-tester and inter-tester reliability
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correlations for A, B, and C were all between 0.980 [95%
CI 0.948–0.992] and 0.998 [95% CI 0.995–0.999].
Discussion
The most important finding of this study is that the
transtibial aimer with 7-mm offset cannot reach the center
of the ACL footprint at a fixed orientation. Thus, it is not
possible to give a specific procedure for using the aimer
through the AM portal to find the center of the ACL
footprint. This is supported by the data that show the
range for angle in both axial and frontal plane required to
reach the ACL center by direct visualization was very
large.
Few studies have been performed to determine whether
the femoral tunnel can be positioned at the center of the
ACL footprint with a transtibial aimer [5]. For anatomical
ACL, it is best to visualize the proximal stump of the ACL
[20]; however, in chronic cases the ACL attachment can
have disappeared and bony landmarks can be difficult to
find in the notch area by arthroscopy, so the use of a guide
could aid the surgeon in performing anatomic ACL
reconstruction if the technique could be standardized.
Arnold et al. demonstrated that it is impossible to reach the
center of the ACL footprint using the aimer through the
transtibial tunnel and only in some knees could the anterior
border (or most superior part in 90 of knee flexion) of the
native femoral ACL insertion site be reached [1]. They
concluded that the use of an aiming device through
the transtibial tunnel leads to a non-anatomical position of
the graft on the femoral side, and it was suggested that an
anteromedial portal can be used to reach a more anatomical
femoral tunnel position.
Fig. 1 Aimer positions a position A-60 in axial plane, b position A-0 in frontal plane, c position B-45 in axial plane, and d position B-45 in
frontal plane
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In this study, a widely known guide for the transtibial
technique was used to attempt to reach the center of ACL
footprint using an accessory AM portal approach [20].
Having an accessory AM portal as the viewing portal has
the advantage of a better visualization of lateral wall of the
intercondylar notch and consequently of the ACL footprint
and a notchplasty is not necessary to view the lateral wall
of the notch [7, 16, 18, 20]. Anatomical ACL reconstruc-
tion can be performed freehand but considerable experi-
ence, and a good knowledge of the anatomy is required
[6, 10, 15], which led to this study to explore whether a
common device can be reliable used to determine the
center of the ACL footprint on the femur.
In this study, the accessory anteromedial portal
approach was simulated and two fixed positions (A and B)
were chosen that could be easily reproduced in a clinical
situation to evaluate whether the aimer could be used to
find the center of the footprint. Position A was chosen from
gross observation because it was seen that in many knees
that the position closest to the ACL footprint was with the
aimer perpendicular to the tibial axis (0 on frontal plane)
and approximately 60 in the axial plane. Position B is also
easily reproducible because the angle for the aimer was 45
in both the axial and frontal planes. With this position, the
aimer was either inside the ACL footprint or at the least on
the anterosuperior boundaries of the ACL footprint. The
results showed that both positions at fixed angles did not
reach the center of the ACL footprint in all cases. The point
chosen by position A had a distance of 8.6 ± 1.8 mm from
the center of the ACL footprint, and for position B the
distance was 3.2 ± 1.5 mm. It was observed that the dis-
tance from the position A was large and many times even
outside of the ACL footprint in the posterosuperior part of
the lateral notch. For position B, in three knees, it was
impossible to place the aimer in the 45 position on the
axial plane because the medial condyle was too large, but it
was attempted to stay as close as possible to the 45 angle
(48, 49, 51). It was observed that the point found by
position B was close to that of position C, it was always
inside the ACL footprint and in few cases close to the
superior limit of the boundaries of the attachment with
knee flexed at 90. While position B was closer to the ACL
footprint center than position A, it was more dependent on
the morphology of each knee and in this position the aimer
seemed to be at risk of damaging the cartilage of the medial
condyle. This is something to avoid, especially when the
diameter of the reamer is too large or when the interc-
ondylar notch is narrow [22].
Position C (direct visualization) was the closest to the
actual center of the footprint, and found by estimating the
center ACL from the outline of the ACL insertion marked by
1.5-mm drill holes. The software calculated the actual center
of the outlined geometry and then the distance to the center
to the point determined by position C. This distance was
2.0 ± 0.9 mm. The measured angle on axial and frontal
plane for position C was found to have mean of 44 for the
axial and 54 for the frontal direction. However, because the
range for the angle in both planes was very large (32–68
for the frontal plane and 36–59 for the axial plane), these
data are not very useful in determining a specific aimer
position for locating the center of the insertion site.
A limitation of this study is that fresh frozen human knees
were not used, but nineteen human cadaveric knee bones
with a standardized articular space. Even though the knees
Fig. 2 CT scan showing a axial, b sagittal, and c coronal views.
Aluminum bead is indicated by the arrow
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had all the soft tissue removed, including skin, subcutane-
ous, fat pad, and menisci, the ACL footprint could still be
located using the intact ACL, which was not removed until
after marking the borders of the insertion sites. The nineteen
specimens allowed the use of very reliable landmarks, such
as the posterior line for measuring the exact angle in the
axial plane, which it is not possible arthroscopically in vivo
with intact specimens with soft tissue. This may overesti-
mate the ability to reach the femoral ACL insertion site with
the aimer under direct visualization.
Conclusion
As hypothesized, this study found that the 7-mm offset
aimer is unable to reach the center of the ACL footprint on
the femur at a fixed angle. The angle under direct visual-
ization had a large variation among specimens, making it
impossible to give a specific orientation for the use of this
transtibial aimer for anatomical ACL reconstruction
through the accessory medial portal.
Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
References
1. Arnold MP, Kooloos J, van Kampen A (2001) Single-incision
technique misses the anatomical femoral anterior cruciate liga-
ment insertion: a cadaver study. Knee Surg Sports Traumatol
Arthrosc 9:194–199
2. Basdekis G, Abisafi C, Christel P (2008) Influence of knee flexion
angle on femoral tunnel characteristics when drilled through the
anteromedial portal during anterior cruciate ligament recon-
struction. Arthroscopy 24:459–464
3. Bedi A, Musahl V, Steuber V, Kendoff D, Choi D, Allen AA,
Pearle AD, Altchek DW (2011) Transtibial versus anteromedial
portal reaming in anterior cruciate ligament reconstruction: an
anatomic and biomechanical evaluation of surgical technique.
Arthroscopy 27:380–390
4. Bedi A, Raphael B, Maderazo A, Pavlov H, Williams RJ 3rd
(2010) Transtibial versus anteromedial portal drilling for anterior
cruciate ligament reconstruction: a cadaveric study of femoral
tunnel length and obliquity. Arthroscopy 26:342–350
Fig. 4 Femur with medial
condyle cut showing ACL
footprint shown in red with
Positions A, B, C and calculated
footprint center in a standard
view and b enlarged view
Fig. 3 The three different positions in a the frontal view and in the b axial view: black cylinder 0–60 (Position A), red cylinder 45–45
(Position B), and grey cylinder under direct visualization (Position C)
Knee Surg Sports Traumatol Arthrosc (2012) 20:69–74 73
123
5. Behrendt S, Richter J (2010) Anterior cruciate ligament recon-
struction: drilling a femoral posterolateral tunnel cannot be
accomplished using an over-the-top step-off drill guide. Knee
Surg Sports Traumatol Arthrosc 18:1252–1256
6. Christel P, Sahasrabudhe A, Basdekis G (2008) Anatomic dou-
ble-bundle anterior cruciate ligament reconstruction with ana-
tomic aimers. Arthroscopy 24:1146–1151
7. Cohen SB, Fu FH (2007) Three-portal technique for anterior
cruciate ligament reconstruction: use of a central medial portal.
Arthroscopy 23:325.e1–325.e5
8. Dargel J, Schmidt-Wiethoff R, Fischer S, Mader K, Koebke J,
Schneider T (2009) Femoral bone tunnel placement using the
transtibial tunnel or the anteromedial portal in ACL reconstruc-
tion: a radiographic evaluation. Knee Surg Sports Traumatol
Arthrosc 17:220–227
9. Farrow LD, Parker RD (2010) The relationship of lateral ana-
tomic structures to exiting guide pins during femoral tunnel
preparation utilizing an accessory medial portal. Knee Surg
Sports Traumatol Arthrosc 18:747–753
10. Ferretti M, Ekdahl M, Shen W, Fu FH (2007) Osseous landmarks
of the femoral attachment of the anterior cruciate ligament: an
anatomic study. Arthroscopy 23:1218–1225
11. Hantes ME, Dailiana Z, Zachos VC, Varitimidis SE (2006)
Anterior cruciate ligament reconstruction using the Bio-TransFix
femoral fixation device and anteromedial portal technique. Knee
Surg Sports Traumatol Arthrosc 14:497–501
12. Harner CD, Honkamp NJ, Ranawat AS (2008) Anteromedial
portal technique for creating the anterior cruciate ligament fem-
oral tunnel. Arthroscopy 24:113–115
13. Jespen CF, Lundberg-Jensen AK, Faunoe P (2007) Does the
position of the femoral tunnel affect the laxity or clinical outcome
of the anterior cruciate ligament reconstructed knee? A clinical
prospective randomized, double-blind study. Arthroscopy
23:1326–1333
14. Kaseta MK, DeFrate LE, Charnock BL, Sullivan RT, Garrett WE
Jr (2008) Reconstruction technique affects femoral tunnel
placement in ACL reconstruction. Clin Orthop Relat Res.
466:1467–1474
15. Kopf S, Musahl V, Tashman S, Szczodry M, Shen W, Fu FH
(2009) A systematic review of the femoral origin and tibial
insertion morphology of the ACL. Knee Surg Sports Traumatol
Arthrosc 17:213–219
16. Kopf S, Pombo MW, Shen W, Irrgang JJ, Fu FH (2011) The
ability of 3 different approaches to restore the anatomic antero-
medial bundle femoral insertion site during anatomic anterior
cruciate ligament reconstruction. Arthroscopy 27:200–206
17. Loh JC, Fukuda Y, Tsuda E, Steadman RJ, Fu FH, Woo SL
(2003) Knee stability and graft function following anterior cru-
ciate ligament reconstruction: comparison between 11 o’clock
and 10 o’clock femoral tunnel placement. Arthroscopy
19:297–304
18. Lubowitz JH (2009) Anteromedial portal technique for the
anterior cruciate ligament femoral socket: pitfalls and solutions.
Arthroscopy 25:95–101
19. Nakamura M, Deie M, Shibuya H, Nakamae A, Adachi N,
Aoyama H, Ochi M (2009) Potential risks of femoral tunnel
drilling through the far anteromedial portal: a cadaveric study.
Arthroscopy 25:481–487
20. Schreiber VM, van Eck CF, Fu FH (2010) Anatomic double-
bundle ACL reconstruction. Sports Med Arthrosc 18:27–32
21. Scopp JM, Jasper LE, Belkoff SM, Moorman CT III (2004) The
effect of oblique femoral tunnel placement on rotational con-
straint of the knee reconstructed using patellar tendon autografts.
Arthroscopy 20:294–299
22. Siebold R, Benetos IS, Sartory N, He Z, Hariri N, Pa¨ssler HH
(2010) How to avoid the risk of intraoperative cartilage damage
in anatomic four tunnel double bundle anterior cruciate ligament
reconstruction. Knee Surg Sports Traumatol Arthrosc 18:64–67
23. Silva A, Sampaio R, Pinto E (2010) Placement of femoral tunnel
between the AM and PL bundles using a transtibial technique in
single-bundle ACL reconstruction. Knee Surg Sports Traumatol
Arthrosc 18:1245–1251
24. Simmons R, Howell SM, Hull ML (2003) Effect of the angle of
the femoral and tibial tunnels in the coronal plane and incre-
mental excision of the posterior cruciate ligament on tension of
an anterior cruciate ligament graft: an in vitro study. J Bone Joint
Surg Am 85:1018–1029
25. Takahashi M, Doi M, Abe M, Suzuki D, Nagano A (2006)
Anatomical study of the femoral and tibial insertions of the
anteromedial and posterolateral bundles of human anterior cru-
ciate ligament. Am J Sports Med 34:787–792
26. Thore Zantop T, Haase A, Fu FH, Petersen W (2008) Potential
risk of cartilage damage in double bundle ACL reconstruction:
impact of knee flexion angle and portal location on the femoral
PL bundle tunnel. Arch Orthop Trauma Surg 128:509–513
74 Knee Surg Sports Traumatol Arthrosc (2012) 20:69–74
123
